In recent years, we have seen a new concern with ethics training for research and development professionals. Although ethics training has become more common, the effectiveness of the training being provided is open to question. In the present effort, a new ethics training course was developed that stresses the importance of the strategies people apply to make sense of ethical problems. The effectiveness of this training was assessed in a sample of 59 doctoral students working in the biological and social sciences using a pre-post design with follow-up and a series of ethical decision-making measures serving as the outcome variable. Results showed not only that this training led to sizable gains in ethical decision making but also that these gains were maintained over time. The implications of these findings for ethics training in the sciences are discussed. Keywords: integrity, ethics, training, evaluation, sensemaking Notorious events, ranging from the death of study participants to the falsification of data ("Ethics and Fraud," 2006; Kimmelman, 2004; Marshall, 1996) , have served to remind the scientific community of the importance of ethics. As dramatic ETHICS & BEHAVIOR, 18(4) as these cases may be, the best available evidence indicates that less noteworthy but still significant ethical breeches, such as conflicts of interest and data trimming, may be more pervasive in the sciences than is commonly assumed (Martinson, Anderson, & de Vries, 2005; Steneck, 2004) . Recognition of the problems posed by these ethical breeches has led to the proposal of a number of remedies, ranging from the establishment of professional codes of conduct to more effective student mentoring (National Institute of Medicine, 2002).
as these cases may be, the best available evidence indicates that less noteworthy but still significant ethical breeches, such as conflicts of interest and data trimming, may be more pervasive in the sciences than is commonly assumed (Martinson, Anderson, & de Vries, 2005; Steneck, 2004) . Recognition of the problems posed by these ethical breeches has led to the proposal of a number of remedies, ranging from the establishment of professional codes of conduct to more effective student mentoring (National Institute of Medicine, 2002) .
Prominent among these suggested remedies has been training in the responsible conduct of research (e.g., Chen, 2003; Coughlin, Katz, & Mattison, 1999; De Las Fuentes, Willmuth, & Yarrow, 2005) . In fact, the National Institutes of Health now mandates such training for all investigators it supports (Dalton, 2000) . Although training in research ethics has become a widespread panacea for the problems posed by scientific integrity, or the lack thereof, one must ask a basic question: How well does training in research integrity work?
Even bearing in mind the many issues that impinge on effective program evaluation (Kraiger, Ford, & Salas, 1993; Sims, 1993) , it seems reasonable to question the efficacy of ethics training. An illustration of this point may be found by considering the many studies conducted examining the effects of training on one key criterion-ethical decision making (Loe, Ferrell, & Mansfield, 2000; O'Fallon & Butterfield, 2005) . Some studies have provided evidence indicating that training may lead to improvements in ethical decision making among scientists (e.g., Al-Jalahma & Fakhroo, 2004; Bebeau & Thoma, 1994; Clarkeburn, Downie, & Matthew, 2002) . Other studies, however, suggest that ethics training does not have much effect on the ethical decision making of scientists (e.g., Kalichman & Friedman, 1992; Macrina, Funk, & Barrett, 2004) . With these conflicting findings in mind, our intent in this study was to develop a new model curriculum for training in research integrity and provide preliminary evidence for the effectiveness of the training in enhancing the ethical decision making of young scientists-specifically, doctoral students in the health, biological, and social sciences.
TRAINING CONTENT
A variety of approaches have been applied in attempts to improve ethical decision-making skills in the sciences. Perhaps the most widely applied approach is based on Kohlberg's (1984) and Rest's (1986) theories of moral reasoning. In fact, studies conducted by Bebeau and Thoma (1994) and Clarkeburn et al. (2002) have provided some evidence indicating that training programs developed on the basis of these frameworks can lead to improvements in the ethical decision making of pharmacology and life sciences scholars. Although moral reasoning models have evidenced some value as a basis for developing curricula to enhance ethical decision making, they are not the only approach that might be applied. For example, 316 MUMFORD ET AL. Gawthrop and Uhlemann (1992) used a field practices approach-instruction revolving around field-specific codes of conduct, guidelines, or decision-making tools-to develop an ethics training program. They found that this approach led to some improvements in the quality of the ethical decisions made on a set of vignette exercises. Alternatively, Deutch (1996) applied a case analysis approach in an attempt to improve ethical decision making in the biological sciences, but this approach has not been empirically tested.
The wide variety of approaches that have been applied in attempts to develop ethical decision making in the sciences, however useful they may be in providing curriculum models, broach a broader question. What is the best, or most viable, approach for the development of ethics training? Of course, any attempt to answer this question depends on the assumptions one is willing to make about ethical decision making on the part of scientists. We would argue that ethical decision making by scientists can be viewed as a form of sensemaking, and this assumption has implications for how effective ethics training might be designed.
Sensemaking is a form of complex cognition that occurs when people are presented with ambiguous, high-stakes events (Drazin, Glynn, & Kazanjian, 1999; Walsh, 1989; Weick, 1995) . These ambiguous, or ill-defined (Mumford & Gustafson, 1988) , high-stakes events allow a variety of mental models to be applied in understanding the situation at hand (Hmelo-Silver & Pfeffer, 2004; Johnson-Laird, 1983) . The selection or construction of a mental model for understanding a situation, in turn, provides a framework for information gathering, the standards applied in evaluation of this information, and the construction and appraisal of alternative courses of action-in short, the foundation for decision making (Hogarth & Makridakis, 1981) .
In fact, at least three considerations would lead one to expect that sensemaking would prove critical to understanding ethical decision making in the sciences. First, if the decision situation is not recognized as having ethical implications, ethical standards will not be evoked. In keeping with this observation, Roberts et al. (2005) provided evidence indicating that basic appraisal activities are related to ethical decision making among scientists. Second, the decisions presented to scientists, including ethical decisions, are seldom of a simple, yes-no variety (Steneck, 2004) . Instead, most ethics-relevant situations allow for a variety of alternative actions. Under such conditions the frames, or mental models, used to formulate decision alternatives can be expected to have a substantial impact on subsequent ethical decision making. Third, selecting an action, or making a decision, will depend on the forecasts, or predictions, people make with regard to likely outcomes for themselves, others, and their work. These forecasts, however, will ultimately depend on sensemaking and the mental model applied as a basis for these predictions (Mumford, 2006) . Figure 1 provides an overview of how sensemaking might apply to the ethical decision making of scientists. Within this model, it is assumed that a variety of sit-uational considerations will influence a scientist's initial appraisal of the problem situation. Such considerations include professional codes of conduct, perceived causes of the situation, personal and professional goals, and perceived requirements for attaining these goals. Following an initial appraisal of the situation, however, scientists must frame or define the exact nature of the problem at hand (Mumford, Reiter-Palmon, & Redmond, 1994; Tversky & Kahneman, 1974) . When the problem at hand is defined as having ethical implications, one would expect that ethical decision making will be more likely. What should be recognized, however, is that when a situation is seen as having ethical implications and implications for the attainment of personal and professional goals, affect will be invoked. The emotions produced by ethical dilemmas are likely to influence ethical decision-making (Haidt, 2001 (Haidt, , 2003 through both the direct effects of affect on decision making and the indirect effects of affect on cognitive processing.
After framing the problem and experiencing a range of emotions, people will begin a search for prior experiences or cases that might provide a framework for navigating the situation at hand (Chen, 2003; Key, 1999) . Cases represent "real-world" knowledge abstracted from prior experience and contain information about causes, outcomes, actions, constraints, and contingencies (Hammond, 1990; Kolodner, 1997; Patalano & Seifert, 1997) . These cases are often used as a basis for constructing, or alternatively selecting, a mental model to be applied in aiding decision making. The mental model formulated on the basis of past experiences is then used to forecast the likely outcomes of various actions (Dörner & Schaub, 1994; Önkal, Yates, Simga-Mugan, & Öztin, 2003) .
Forecasted outcomes of actions in high-stakes events, however, are self-relevant (Oyserman & Markus, 1990) . Accordingly, people will appraise these predicted outcomes in terms of their view of themselves and others. This appraisal process implies that self-reflection concerning predicted outcomes and the implications of actions will influence both the assessment of outcomes and the viability of the mental models held to give rise to these outcomes (Strange & Mumford, 2005) . Thus, self-reflection can give rise to the construction or selection of the actual mental model applied to understand the ethical issue at hand (Walsh, 1989 ). This mental model will provide a basis for the sensemaking activities that will guide the decisions made with regard to the ethical event.
These observations about some of the key processes underlying ethical decision making are noteworthy for two reasons. First, they imply that ethical decision making will be based on available case-based models. Thus, the effectiveness of training may depend, in part, on whether it provides a viable set of relevant cases. These cases might, at times, be provided through direct instruction. However, because case-based models are often acquired through social experiences, one might argue that presentation and adoption of case-based models to support ethical decision making will be enhanced through the application of cooperative learning techniques (Aronson & Patnoe, 1997; Slavin, 1991) . In cooperative learning, shared experiences in working on exercises is used to help people acquire and apply case-based models while providing social reinforcement for the application of these models in addressing a certain class of problems.
In addition to providing case-based models, people must also be provided with strategies for working with these cases (Scott, Lonergan, & Mumford, 2005) . In fact, the evidence complied by Mumford (2004a, 2004b) indicates that strategy-based training interventions appear highly effective in enhancing people's performance in solving complex, ambiguous problems, such as those that call for creative thought. Moreover, evidence provided by Clapham (1997) suggests that strategy-based training is especially likely to prove effective when basic expertise is available and training time is short. The nature of the decision-making processes that we have described point to a number of strategies that might be used as a basis for the development of instruction intended to enhance ethical decision making. For example, with regard to forecasting, one might expect that anticipating others' reactions to one's actions would improve decision making. Likewise, with regard to emotions, analysis of the reasons one finds an ethical dilemma uncomfortable might also be of value. Consistent with these assertions about the value of strategy-based training, our primary goal in the present effort was to develop a cooperative learning, case-based approach to ethics training that emphasizes the use of effective strategies for working through ethical problems.
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TRAINING EVALUATION
If this reasoning about the processes underlying ethical decision making were applied to the development of an instructional curriculum for scientists, how might the effectiveness of such a program be evaluated (Goldstein & Ford, 2002; Kraiger et al., 1993; Sims, 1993) ? A common strategy used to appraise the effectiveness of training is student reactions to the training. Although such reaction measures have long been employed in the evaluation of training programs (Kirkpatrick, 1959) , their relevance for the appraisal of training intended to enhance ethical decision making is open to question because the key performance of concern, ethical decision making, is not being examined.
In contrast, change in students' ethical decision making has commonly been used to appraise the effectiveness of instruction (e.g., Al-Jalahma & Fakhroo, 2004; Clarkeburn et al., 2002; Macrina et al., 2004) . Although the use of actual ethical decisions as a basis for program evaluation is desirable, three issues arise in this regard. First, many programs base evaluations on a very limited set of ethical vignettes (e.g., Ryden & Duckett, 1991) . As a result, evidence is not available concerning the extent and stability of the effects of training. Second, although these vignettes often call for realistic decisions, they typically are not structured in terms of a set of dimensional constructs (e.g., Wright & Carrese, 2001 ). This lack of dimensional structure to the ethical decisions being examined makes it difficult to set bounds on the generality of conclusions drawn about the effectiveness of training. Third, evidence bearing on the reliability and validity of the vignettes used to assess ethical decisions is often not available, and the lack of this evidence makes it difficult to draw firm conclusions about the effectiveness of training interventions (Messick, 1989) .
Recently, Mumford and his colleagues developed a set of ethical decision making measures explicitly intended to examine key aspects of ethical decision making applicable to the health, biological, and social sciences (Helton-Fauth et al., 2003; Mumford et al., 2006) . Development of these ethical decision-making measures began with a review of professional codes of conduct across some 60 disciplines within the three fields under consideration. Based on this review, 17 lower order dimensions were identified that were subsumed under four general dimensions of ethical behavior in the sciences: (a) data management (including data massaging and publications practices), (b) study conduct (including Institutional Review Board [IRB] practices, informed consent, confidentiality protection, protection of human participants, and protection of animal subjects), (c) professional practices (including protection of intellectual property, protection of public welfare and the environment, objectivity in evaluating work, recognition of expertise, and adherence to professional commitments), and (d) business practices (including conflicts of interest, deceptive bid and contract practices, inappropriate use of physical resources, and inappropriate management practices). A series of ethical decision-making tasks were developed to measure these dimensions using a low-fidelity simulation approach (Motowidlo, Dunnette, & Carter, 1990) in which people were presented with a scenario and asked to assume the role of the principal actor addressing the ethical issues arising in the course of research. In a sample of 102 doctoral students working in the health, biological, and social sciences, these ethical decision-making measures provided a split-half reliability of .76. More important, validation evidence for these scales was obtained by correlating scores on ethical decision-making dimensions with (a) causes of ethical decision making-as measured through exposure to unethical practices in the students' day-to-day research work; (b) outcomes of ethical decision making-as reflected in the severity of punishments awarded for ethical violations; and (c) individual difference measures-intelligence, cynicism, and social desirability. The resulting correlational data pointed to the construct validity of these decision-making scales in that scores on these scales were not related to social desirability (r = -.01) but were negatively related to cynicism (r = -.25). In addition, scores on these scales were negatively related to exposure to unethical practices in the students' day-to-day work (r = -.45), and were positively related to the severity of punishments awarded for ethical violations (r = .55).
Taken as a whole, the findings obtained by Mumford et al. (2006) provide initial evidence for the construct validity of this measure of ethical decision making. Accordingly, these ethical decision-making scales appear to provide a reasonable basis for evaluating the effectiveness of training programs focused on improving ethical decision making in the sciences. The present study was designed to investigate the effectiveness of a sensemaking approach to ethics training in the sciences. More specifically, we examined (a) whether higher scores across multiple dimensions of ethical decision making would result from a sensemaking approach to ethics training, (b) whether such improvements could be tied to enhanced use of the decision-making strategies included in the training, and (c) whether these hypothesized changes in ethical decision making and use of strategies would be maintained over time.
METHOD Sample
The sample used to test these hypotheses consisted of 59 participants. The 19 men and 24 women (16 unreported) who agreed to participate in this study were recruited at a large southwestern university. The participants were drawn from the social (56%) and biological sciences (44%). Of the 40 participants who reported, 75% were Caucasian and the remaining 25% identified themselves as African American, Asian, or Native American. Participants were also in different phases of ETHICS TRAINING their careers in relevant doctoral programs, with 39% being in their first or second years and 37% being in the third year or beyond (24% unreported). Their scores on the Graduate Record Examination were typically one-fourth of a standard deviation above national norms. Scores on the Graduate Record Examination and other measures (e.g., cynicism, divergent thinking, and laboratory practices) were compared to those observed in a separate sample of 245 doctoral students not participating in training. No evidence of selective sampling in the training group was revealed by this analysis.
The 245 doctoral students included in the comparison group were recruited from the biological (42%), health (26%), and social (32%) sciences. The 95 men and 144 women (6 unreported) of which 60% were majority and 36% were minority group members (4% unreported) were either first-(64%) or third-and fourth-(36%) year students. Sample members were recruited via e-mail solicitations where they were offered $100 to participate in a study of research integrity. Participants in this broader study were asked to complete a battery of individual differences measures (e.g., intelligence, cynicism, narcissism, social desirability) along with measures examining both influences on research integrity (e.g., work events, climate perceptions) and outcomes of research integrity (e.g., punishments awarded for ethical violations) as well as the measure of ethical decision making being used as dependent variables in the present study.
General Procedures
The ethics instruction program was offered as an intersession course three times a year over a two year period. This course was offered prior to the beginning of the fall semester, between the fall and spring semesters, and between the spring and summer semesters. All doctoral students at the university were notified through e-mail announcements that the course was being offered. An initial announcement describing the course was sent one month prior to the course offering. Two follow-up e-mails were sent over the next two weeks reminding the doctoral students that the course was being offered and encouraging participation. To provide an incentive for participation, students were informed that six $100 awards would be distributed at the end of each training session to randomly selected participants.
Doctoral students who agreed to take the course were asked to register with an administrative assistant at least three days prior to the course. At the time they registered for the course, they were asked to complete the pre-measure packet and return this packet to the instructor at the start of the course. In addition, at this time, participants were asked to complete a background inventory and an ethical judgment task in which participants selected punishments to be awarded for hypothetical violations of ethical rules. At the end of training, participants completed the post-study measures of ethical decision making along with a battery of personality and cognitive ability measures, as well as an inventory describing climate and 322 MUMFORD ET AL. day-to-day practices in their work environments. These supplemental measures were collected to provide support for a larger study on ethical decision making. At the end of training, participants were also asked to complete an inventory describing their reactions to the course.
Training Course Content
Training was conducted over a two-day period with 6 hours devoted to instruction on each day. The training course was taught by a team of four senior professionals working in the social sciences, who were considered experts in the area of scientific ethics. All instructors provided the same content and worked through a set of PowerPoint slides tied to each module of instruction. It is of note that comparison of instructors with regard to post-training measures of ethical decision making indicated that they all provided comparable learning experiences. Further, observations of the course indicated comparable processes of instruction across the four trainers.
The course delivered by the instructors consisted of 10 blocks of instruction, with each block lasting one to two hours. All blocks were structured such that a lecture segment occurred to articulate key principles. Following this lecture and discussion of a series of relevant case studies, a sequence of interactive exercises occurred. Table 1 summarizes the key material covered in each module of instruction, the rationale for this instruction, and key learning activities occurring in each module.
In the first day of instruction, six modules were covered in the instructional program. The first module was intended to provide background information concerning government regulations, professional codes of conduct, and institutional policies. The students then applied this material by working through a series of complex case studies prior to the beginning of the instructional sequence. In the second module, the instructor examined optimal answers and the reasons underlying the answers to the cases presented in Module 1. Following this review, students took a pre-test examining ethical decision making. The third module of instruction was intended to make ethical conduct personally relevant to students by demonstrating the tendency of people to discount or ignore their personal biases. In this module, a video of the Milgram (1965) obedience study was presented, and participants were asked to predict their own and others' responses to being in the Milgram study. Participant predictions were then discussed in the context of self-other attributional biases and the pervasive tendency for people to overrely on their personal values when predicting their behavior. The fourth module of instruction focused on the real-world complexities raised by ethical problems and some of the common errors people make in handling these problems, such as acting too quickly or applying only a single principle. Common errors were described, and then students were asked to analyze these errors in a case illustration. Next, stu-ETHICS TRAINING • "Wunderkind" case study and roleplay activity dents generated potential personal biases and errors that might thwart their ability to make ethical decisions.
In the fifth module of instruction, practical strategies for dealing with personal biases and errors in an ethical situation were discussed. Students were asked to work through a case in a group discussion format and generate potential strategies that could be used in navigating ethical situations more broadly. Subsequently, seven particular metacognitive reasoning strategies (some of which had already been derived by participants themselves) were described: (a) recognizing the complexities of your circumstances, (b) seeking outside help, (c) questioning your own and others' judgment, (d) dealing with emotions, (e) anticipating the consequences of actions, (f) analyzing personal motivations, and (g) considering the effects of actions on others. Table 2 describes the nature of these strategies in more detail. Students were then asked to apply these strategies to two specific cases that illustrated their relevance to ethical problems arising in different fields. These case study activities were administered as homework to be completed during the day between training sessions. The homework activities comprised the sixth module.
In the seventh module of instruction, occurring on Day 2 of training, the instructor presented a sensemaking model. Students applied the sensemaking model and associated strategies in a role-playing exercise in which participants were asked to take on a point of view consistent with one role commonly observed in a research context (e.g., IRB member, professor, graduate student). Participants who did not occupy one of the primary roles were asked to assume the role of an event investigator. All participants worked through an ethical problem in which actions taken were discussed. The eighth module of instruction examined the nature, origins, 326 MUMFORD ET AL. and implications of field-specific differences in ethical guidelines. After investigating and discussing these differences, field specific groups were asked to apply these guidelines, along with the sensemaking model and relevant strategies, in working through a case. They then discussed the similarities and differences in their approaches to the case. In the ninth training module, participants engaged in a small-group exercise. In this exercise, participants were asked to assume the role of one of five key actors involved in an ethical problem related to doctoral students. Group members then answered a series of questions pertinent to their roles and discussed the reasons for their answers vis-à-vis the ethical sensemaking model and relevant strategies. In the tenth and final module, the instructor reviewed the main points covered over the two-day period. Then participants rated the effectiveness of training exercises and completed a post-training measure of ethical decision making.
Evaluation Measures
Decision making. The first, and primary, measure used to evaluate the effectiveness of training was based on the pre-post administration of the measure of ethical decision making developed by Mumford et al. (2006) . The measure was selected for use in evaluating training effectiveness based on the average split-half reliability of .76 obtained for the four major dimensions of ethical behavior under consideration (e.g., data management, study conduct, professional practices, and business practices) as well as the available data pointing to the construct validity of this instrument as a measure of ethical decision making. This construct validation evidence indicated that scores on these measures were (a) related to ethical climate and exposure to unethical events; (b) were related to the severity of punishment awarded for unethical conduct; and (c) were positively related to intelligence (r = .19), negatively related to cynicism and narcissism (r = -.18), and unrelated to social desirability (r = -.01).
Development of this measure began with a review of professional codes of conduct in the health, biological, and social sciences (Helton-Fauth et al., 2003) . Once the dimensions of ethical conduct subsumed under each of these areas had been identified, a review of the ethics literature was conducted to identify ethics cases reflecting one or more of the 17 lower order dimensions identified in the four areas of data management, study conduct, professional practices, and business practices in each of the fields under consideration. These cases were then rewritten to describe the general problem at hand. Within this general problem three to four events were generated that would likely involve one of the dimensions of ethical conduct. Participants were then presented with a list of 8 to 12 potential actions that might be taken in response to this event, and responses were structured to reflect high (3), moderate (2), and low (1) levels of integrity as defined by current ethical guidelines. To avoid forced choice responding, participants selected the ETHICS TRAINING best two options from among those presented. Each item response was scored by taking the average ethical weight of the responses selected. See the appendix for an illustration of the nature of two questions developed using this framework for the social sciences.
To develop the pre-post version of this measure, three psychologists were asked to review all scenarios and questions developed tapping each dimension. They allocated the questions developed for each field to either a pre-or post-measure based on the following criteria: (a) the questions appearing in the pre-and post-measure should be of comparable difficulty; (b) multiple questions must appear in each instrument, pre and post, intended to tap a given area (e.g., data management, study conduct, professional practices, and business practices); and (c) at least one question examining each relevant dimension of ethical behavior had to appear in the pre-and post-measure. Application of these decision rules led to the presentation of 18 questions in the pre-measure and 18 questions in the postmeasure. Questions were tailored to situations common in either the biological or social sciences. Across these two fields, the average number of questions presented examining data management was 2 and 3 (pre/post), study conduct was 5 and 4 (pre/post), professional practices was 8 and 8 (pre/post), and business practices was 3 and 3 (pre/post). Pre-and post-scores were obtained for the four general dimensions (data management, study conduct, professional practices, and business practices) by taking the average of the responses selected for each of the questions subsumed under a dimension under a given area. Thus, changes in ethical decision making were to be assessed with respect to these four broad areas. It is of note that these ethical decisions were not directly addressed in training to ensure independence of the dependent variable vis-à-vis the training manipulation.
To ensure the compatibility of the pre-and post-test, pre-and post-test scores were contrasted in a separate sample of doctoral students at the same university pursuing degrees in the health, biological, and social sciences. To ensure relative equivalence of scores, health science doctoral students were not included in the control pre-and post-test comparison, yielding a final comparison sample of 180 biological and social science doctoral students. For data management, the mean score on the pre-test was 2.17 (SD = .33) and mean score on the post-test was 2.27 (SD = .30). On the measure of study conduct the mean score on the pre-test was 2.22 (SD = .34), and the post-test mean score was 2.24 (SD = .32). On the professional practices measure the mean pre-test score was 2.15 (SD = .20) and the mean post-test score was 2.24 (SD = .24). Finally, for the business practices measure, the mean pre-test score was 2.20 (SD = .36), and the mean post-test score was 2.19 (SD = .47). Because the observed mean differences were relatively small, it seemed reasonable to conclude that these pre-and post-measures could be considered equivalent.
Strategies. The measure of strategies applied in evaluating learning as a result of ethics training was based on earlier work conducted by Mumford et al.
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MUMFORD ET AL. (2006) . In this study, four judges, all doctoral students in psychology familiar with the literature on ethics, were presented with operational definitions of the seven metacognitive reasoning strategies being considered in training: (a) recognizing the complexities of your circumstances, (b) seeking outside help, (c) questioning your own and others' judgment, (d) dealing with emotions, (e) anticipating the consequences of actions, (f) analyzing personal motivations, and (g) considering the effects of actions on others (see Table 2 for more details). These judges were asked to rate, on a 7-point scale, from 1 (low) to 7 (high), the extent to which each potential response occurring in an event within a scenario reflected application of each strategy.
Prior to making these ratings, judges were given 15 hours of training concerning the nature of the strategies under consideration and how these strategies were manifested in people's behavior. The resulting interrater agreement coefficient for the ratings of these seven metacognitive reasoning strategies was .91. Scores on these strategy dimensions were obtained by taking the weighted average of the responses selected by participants as they worked through the ethical decision-making problems.
As expected, scores on the metacognitive reasoning strategies dimensions displayed positive correlations. The average correlation observed among these scales was .47. However, examination of the relationships among scores on these scales provided evidence for their construct validity. A strong positive correlation was obtained between dealing with emotions and recognizing circumstances (r = .68), but a weak relationship was obtained between seeking help and anticipating consequences (r = .03). As a result, these scales appeared to provide a plausible basis for assessing the effects of training strategy applications in ethical decision making.
Follow-up.
A critical question that arises in studies of ethics training is whether training effects are maintained over time. Accordingly, training participants were contacted 6 months later. They were asked if they would be willing to retake the post-test. To provide an incentive for retesting, participants were each offered $50 for their time. Out of the original 59 participants, 18 agreed to take the post-training test a second time. These participants evidenced substantial similarity to those participating in training with respect to their scores on relevant measures of individual differences, work climate, and demographic background.
Subjective reactions. Although we were primarily interested in the effects of the training on overall ethical decision making and metacognitive reasoning strategies employed in decision making, it also seemed appropriate to examine participants' reactions to the training. These subjective reaction measures were based on a process analysis framework (Goldstein & Ford, 2002) . Accordingly, at the end of each day of training, participants were presented with 10 questions asking about their impressions of three critical components of training: cases pre-ETHICS TRAINING sented, exercises presented, and discussion of topics covered. They were asked to rate on a 7-point scale their impression of the effectiveness of these instructional components. Across two days of instruction these ratings provided internal consistency coefficients of .73 for cases, .87 for exercises, and .89 for discussion. In addition, at the end of training participants were asked to rate the overall effectiveness of the training program.
Analyses
Analyses of the data gathered in the course of this study were conducted using a standard pre-post study design. In addition to the subjective reaction measures of course content and delivery, the primary analyses examined changes in ethical decision making on the data management, study conduct, professional practices, and business practices scales. In addition, a second comparison contrasted pre-post performance on the seven metacognitive reasoning strategies (e.g., recognition of circumstances). These analyses were conducted examining pre-post differences both immediately after training and 6 months later. All analyses were conducted using a one-tailed test under the assumption that training in ethical decision making would result in significant performance gains.
RESULTS
Reactions
Participants generally viewed the cases, exercises, and discussions provided in training as effective. On a 7-point scale, the mean rating of the effectiveness of the cases presented was 5.13 (SD = 1.35). The mean ratings for the effectiveness of the exercises was 5.19 (SD = 1.20), and the effectiveness of discussion was 5.53 (SD = 1.26). Thus, it appears that participants viewed the key elements of instruction as effective. Accordingly, the overall effectiveness rating of the course was also high (M = 5.38, SD = .94). Table 3 presents the pre-post differences observed on the ethical decision-making measures as a result of training. On data management, a significant, t(57) = 3.56, p < .001, gain was observed as a result of training, in contrasting pre-and post-scores on the ethical decision-making measure. Similarly, a significant, t(58) = 7.38, p < .001, gain was observed in contrasting pre-test scores with post-test scores on decisions involving study conduct. Professional practices, t(58) = 3.48, p < .001, and business practices, t(58) = 2.51, p < .02, also produced significant gains. Thus, this 330 MUMFORD ET AL.
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sensemaking training resulted in significant gains in ethical decision making by young scientists.
One reason this sensemaking training resulted in the gains in ethical decision making is that it appears to have led to the application of more effective strategies in working through ethical problems. Table 4 presents the pre-post differences observed with respect to the seven metacognitive reasoning strategies. Recognition of circumstances showed significant gains, t(58) = 7.98, p < .001, across all four types of ethical decision-making problems. A significant gain, t(58) = 4.19, p < .001, was also obtained in seeking help; questioning judgment, t(58) = 8.41, p < .001; and dealing with emotions, t(58) = 6.96, p < .001. This pattern of effects was maintained in examining the three remaining strategy dimensions. Thus, significant effects, t(58) = 5.04, p < .001, were obtained for anticipating consequences; analysis of personal motivations, t(58) = 8.76, p < .001; and considering the effects of actions on others, t(58) = 2.91, p < .01. 
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Follow-Up
Taken as a whole, the findings described above indicate that the sensemaking training was effective in enhancing both ethical decision making and the application of metacognitive reasoning strategies highlighted in training. The question that arises at this juncture is whether the effects of this training were maintained over time. Table 5 presents the results obtained in the comparison of pre-test scores with follow-up test scores obtained 6 months later.
As may be seen, significant effects, t(17) = 3.49, p < .01, were obtained for study conduct and business practices, t(17) = 3.09, p < .01, on this long term follow-up. However, data management and professional practices did not show significant effects from the pre-test to the follow-up. It could be that because study conduct procedures and business practices tend to be less familiar to junior scientists like those in this sample, this unfamiliarity may have actually facilitated long-term retention, whereas data management and professional practices may have been taken for granted in the long term.
Consistent with these findings bearing on the long-term maintenance of gains in ethical decision making, significant pre-to follow-up differences were observed on the relevant metacognitive reasoning strategy dimensions. The results obtained in this analysis are summarized in Table 6 . As may be seen significant effects were obtained for recognition of circumstances, t(17) = 3.23, p < .01; questioning judgment, t(17) = 3.15, p < .01; dealing with emotions, t(17) = 2.71, p < .02; anticipating consequences, t(17) = 3.63, p < .01; analysis of personal motivations, t(17) = 4.28, p < .001; and consideration of the effects of actions on others, t(17) = 2.88, p < .01. Only seeking help did not maintain its effects from pre-test to follow-up. Thus, it appears that gains in metacognitive reasoning strategies were maintained over time.
DISCUSSION
Before turning to the broader implications of these findings, certain limitations of our study should be noted. To begin, the effects of sensemaking training on ethical 332 MUMFORD ET AL. decision making were observed in only two fields among doctoral students working at a single university. As a result, the question arises as to whether similar findings would necessarily be obtained at other universities, and whether similar findings would be obtained among more senior professionals. Moreover, although the present study has provided evidence indicating that sensemaking training may prove effective in enhancing ethical decision making in the biological and social sciences, the question remains as to whether similar effects would be obtained in other fields. Similarly, it should be noted that the obtained effects pertained to a nonminority population where instructors had been adequately prepared to deliver the course material. Along related lines, participants in this training were all volunteers. Thus, the effects of this training might be contingent on the intrinsic motivation of participants. At one level, the similarities of this sample to the broader, normative sample that did not receive the training argue against this proposition. Nonetheless, it is possible that other unmeasured characteristics of those who volunteered to participate led them to be especially receptive to training. In fact, a similar concern applies to the follow-up study, as only a subsample of those who agreed to participate in training agreed to take part in the follow-up effort. Clearly, it is possible that those who agreed to participate in the follow-up where more inherently interested in ethics and ethics training. Although the limited differences observed between members of the follow-up sample and the initial training sample tend to discount this argument, the possibility remains that self-selection into the follow-up sample might, in part, account for the results obtained in the present study.
In addition, the effectiveness of training might be influenced by a number of individual differences variables-variables not examined in the present study. For ETHICS TRAINING example, it is possible that this strategy-based training may, or may not, prove effective for people who have greater professional expertise (Ericsson & Charness, 1994) . Along similar lines, it is open to question how effective this training would be for individuals who evidence higher levels of cynicism and narcissism. Although, in this regard, it should be noted that pilot analyses contrasting the effects of training in more extreme populations, highly ethical versus less ethical, did not reveal noteworthy differences in this regard. Still another limitation arises from the application of a pre-post design in evaluation of this training. It is of course possible, although unlikely given the low correlation observed between the ethical decision-making measure and social desirability, that social pressure induced by training influenced post-test gains. More centrally, it is possible that training per se may have "primed" certain responses on the ethical decision-making measure. Although these priming effects might arise from any training program, it should be recognized that the training content was not focused on decisions but rather the strategies applied in working through problems to arrive at ethical decisions. Application of this procedure, of course, to some extent minimizes such priming effects. Moreover, the maintenance of training effects over a 6-month interval also tends to argue against a simple priming explanation for the effects obtained in the present study.
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Finally, it should be recognized that the results obtained in the study speak most directly to changes in ethical decision making on one measure-specifically the measure of ethical decision making developed by Mumford et al. (2006) . Thus, whether similar effects of sensemaking training would be observed on other measures is not known. More generally, in the present study, we focused on ethical decision making as the key marker of integrity (O'Fallon & Butterfield, 2005) . Although use of ethical decision making provides an appropriate measure for appraising the effects of training (e.g., Bebeau & Thoma, 1994) , the question remains as to how effective sensemaking training is in enhancing other variables that might influence people's ethical behavior, including knowledge of ethical guidelines (National Institute of Medicine, 2002) or sensitivity to ethical issues (Roberts et al., 2005) .
Even bearing these limitations in mind, we believe that the results obtained in the present study have some noteworthy implications. To begin, in the present study two critical conclusions emerged. First, sensemaking training led to sizable gains in ethical decision making. Second, the effects of this training largely held over time. These findings, of course, point to the value of sensemaking training in enhancing ethical decision making.
In addition, these findings raise a broader question. Exactly why does sensemaking training work in enhancing ethical decision making? In fact, this question becomes even more important when one recognizes that the effects of this training were so large and that they appeared across decisions involving diverse dimensions of data management, study conduct, professional practices, and business practices. Sensemaking training might be beneficial in part because it focuses on developing three critical attributes that scientists must possess to address ethical issues. First, rules and guidelines are provided, but their application is contextualized to research issues. This contextualization may promote application of this knowledge by allowing people to apply rules and guidelines in a more flexible fashion, consistent with the complex demands of a particular problem (Baer, 2003) .
Second, integral to the sensemaking model presented is that ethical issues reflect problems in which people construct solutions "online." The construction of online solutions, however, is often rooted in experience with or knowledge of relevant past cases (Hammond, 1990; Kolodner, 1997) . In other words, available cases provide models that people might use to frame the problem and construct a viable mental model for understanding the problem situation at hand. The use of viable cases in formulating mental models of the ethical problem should, in turn, lead to better decisions, especially when application of these cases has been socially reinforced through cooperative learning techniques (Slavin, 1991) . This training approach provides individuals with not only relevant case knowledge but also the opportunity to work through case examples and decision scenarios cooperatively.
Third, the training approach underlying this sensemaking training was based on an assumption about the nature of real ethical problems confronting scientists. More specifically, it was assumed that these problems should not be viewed in simplistic, black-and-white terms-although black-and-white ethics do exist. The sensemaking model underlying the present training approach was devised to sensitize scientists to the ambiguities associated with common ethical problems and provide them with strategies (e.g., questioning one's own and others' judgment, dealing with emotions) that should help them to work through these problems more effectively.
In fact, the results obtained in the analyses of strategy application indicated that sensemaking training led to a preference for decision options involving the application of these strategies. Moreover, the follow-up study indicated that preference for options associated with application of these strategies was maintained over time. This finding is not unique to studies examining ethical problems. In fact, application of effective strategies has been found to contribute to performance on many complex problems (Scott et al., 2004a (Scott et al., , 2004b Scott, Lonergan, & Mumford, 2005) . However, the findings obtained in the present study indicate that training in strategy application may represent a critical component of both sensemaking training and subsequent ethical decision making.
These observations about the importance of providing people with strategies for working through ethical problems are noteworthy for both substantive and practical reasons. Practically, many ethics training courses used in the sciences seek simply to provide knowledge of basic guidelines and ethics rules. However valuable, and necessary, it may be to provide such basic knowledge, it may prove of limited value when people are presented with complex, ambiguous, real-world ethical problems. General principles do not always provide people with effective guidance for working through the complexities of concrete ethical dilemmas, and even knowing what to do does not always translate into actually taking the right course of action. By providing practical strategies for working through ethical problems, however, ethical decision making becomes more likely. As a result, it seems reasonable to conclude that ethics training might benefit, and benefit substantially, by providing students with strategies for working through ethical problems.
We would not argue, of course, that the seven metacognitive reasoning strategies trained in the present effort represent the only strategies that might be trained or prove of value in ethical decision-making. For example, it might also be useful for people to contrast typical and atypical case models, or alternatively, to analyze assumptions being made by key actors. However, it is clear that ethics training in the sciences might benefit from a systematic analysis of strategies contributing to ethical decision making and attempts to encourage application of these strategies through sensemaking-based training interventions.
Substantively, our findings point to an important, potentially critical, new direction for research in ethical decision making in the sciences and for ethics training more broadly. The present results suggest that mental models, cases, and metacognitive reasoning strategies may represent critical underlying mechanisms shaping ethical decision making. Future research should attempt to delineate more explicitly how each of these elements shape ethical decision making. By demonstrating the impact of sensemaking training on ethical decision making, we hope that the present research will provide an impetus for future research along these lines.
